33% to 92%. 22, 71 Given the substantial variability in seizure outcomes after surgery, many studies have attempted to identify prognostic variables that may predict postoperative seizure outcomes. Most of these studies focused on predictors such as the etiology of epilepsy, 51 contralateral MRI 4, 51 and electroencephalography (EEG) findings, 51 or surgical techniques. 63 However, conflicting results have been reported from these studies. Moreover, little attention has been paid to other possible factors that may correlate with seizure freedom, including seizure semiology or epilepsy duration. In the present study, we performed a systematic review and meta-analysis of published studies involving hemispheric surgery in patients with refractory epilepsy induced by hemispheric diseases. The goals of our study were 1) to calculate the postoperative seizurefree rate pooled from published studies and 2) to identify possible prognostic indicators for seizure outcomes after hemispheric surgery.
methods search strategy
A comprehensive literature search of PubMed, Embase, and the Cochrane Library was performed by 2 authors using the following terms alone or in combination: hemispherectomy, hemispheric surgery, hemispherotomy, hemidecortication, hemicorticectomy, epilepsy, and seizure. The literature search strategy used with PubMed was as follows: ( [TIAB] ); the limits included publication years 1970-2013 and English-language articles. The bibliographies of original articles, reviews, and book chapters were also searched to find additional relevant studies. Searches were restricted to fulllength English-language articles published from 1970 to 2013.
study selection, data extraction, and Quality assessment
Two authors independently reviewed the abstract or full text of each retrieved article and applied the following study inclusion criteria: 1) papers contained postoperative seizure outcomes collected from at least 5 patients undergoing hemispheric surgery for refractory epilepsy, 2) papers contained seizure outcomes reported after a mean or median follow-up period ≥ 1 year, and 3) papers contained seizure outcomes measured using Engel's classification scale or other comparable schemes. Studies with possible overlapping patient populations from the same medical center were excluded, and only the most recent or complete study was included in our analysis. When possible, we divided data into dichotomous groups according to the following variables: sex (male vs female), etiology of epilepsy (developmental vs nondevelopmental), seizure semiology (partial only vs generalized), interictal EEG lateralization (present vs absent), ictal EEG lateralization (present vs absent), contralateral MRI abnormalities (present vs absent), surgery type (techniques based on complete cortical removal vs disconnective techniques, as proposed by De Almeida et al.), 19 and side of resection (right vs left).
In the correlation analysis between etiology and seizure outcome, we classified cortical dysplasia, hemimegalencephaly, or tuberous sclerosis complex as developmental etiologies, and we classified other diseases such as encephalomalacia, Rasmussen encephalitis, Sturge-Weber syndrome, or cerebral tumor as nondevelopmental etiologies. In the analyses of dichotomous variables, data for individual variables in each study were excluded if dichotomous groups could not be formed. The primary outcome was seizure freedom as defined by the authors' description from the last reported follow-up in each study. We also extracted data from continuous variables, including patient age at onset, age at surgery, and epilepsy duration. Two authors independently extracted all the data, and discrepancies were resolved through discussion. Because all studies included in the analysis were case-control studies, the methodological quality of individual studies, which was associated with the risk of bias, was evaluated using the modified Newcastle-Ottawa Scale. This scale uses a star-rating system to assess 3 categories, including patient selection, comparability of the study groups, and exposure assessment.
analysis
The unit of analysis was each published paper. The rates of seizure freedom were pooled from all papers included in the study. Seizure outcomes were compared within dichotomous groups to determine if a significant correlation existed between the variable and seizure outcomes. We also compared continuous variables between seizure-free (Engel Class I) and seizure-recurrent (Engel Class II-IV) groups. The odds ratio (OR) and weighted mean difference (WMD), along with their 95% confidence intervals (CIs), were used in the analysis of dichotomous and continuous variables, respectively. The heterogeneity between studies was assessed by means of Q statistics, and I 2 ≥ 50% was considered substantial heterogeneity. Publication bias was assessed graphically by the use of funnel plots. The analysis of pooled rates of seizure freedom was performed with R version 3.0.2 (R Foundation for Statistical Computing), and the analyses of associations between the variables and seizure outcomes were performed with Review Manager version 5.2 (Revman; the Cochrane Collaboration). Random-or fixed-effects models were used in all analyses, depending on the presence or absence of heterogeneity. When variables were identified as prognostic factors, we performed sensitivity analysis to evaluate the stability of the results by changing the effects models. Statistical significance was set at p ≤ 0.05.
results evidence base
The initial literature search yielded 1282 records, of which 807 remained after duplication screening. In the title and abstract review, 242 potentially eligible papers were identified. After a full-text review, a total of 56 articles (representing 1528 patients) fulfilled the predefined inclusion criteria and were included in the study (Fig.  1 ). 1, 2, [4] [5] [6] 8, 12, 13, 15, 17, 18, [20] [21] [22] [23] [24] [30] [31] [32] [34] [35] [36] [37] [38] [39] [40] 42, [44] [45] [46] [47] [48] [49] [51] [52] [53] [54] [55] 60, [62] [63] [64] 65, [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [79] [80] [81] As shown in Table 1 , all 56 articles are case-control stud-ies that scored 6 or 7 stars on the modified NewcastleOttawa Scale.
pooled seizure Freedom rate
The pooled rate of postoperative seizure freedom from the 56 papers was 73% (95% CI 71%-75%) with an I 2 value of 30.8%, which indicated that there was no significant heterogeneity. A funnel plot of the analysis showed that all papers were located within the funnel except for 4, and the distribution of papers included in the study was roughly symmetrical, suggesting a mild publication bias. Table 2 shows the results of the 8 meta-analyses performed to assess correlations between dichotomous variables and seizure outcomes. Male and female patients had similar odds of being seizure-free after hemispheric surgery (OR 1. . Q statistics and funnel plots showed there was no significant study heterogeneity or publication bias in each analysis. In the sensitivity analyses for seizure outcome predictors, the random-effects model was used, and the result of each study did not alter. Table 3 shows comparison data between seizure-free and seizure-recurrent groups with respect to the abovementioned 3 continuous variables. Patients with poor seizure control appeared to have had a history of earlier seizure onset (WMD 0.43, 95% CI 0.07-0.79, p = 0.02) and younger age at surgery (WMD 1.15, 95% CI 0.07-2.23, p = 0.04), while substantial heterogeneities across studies in the 2 analyses were noted (I 2 = 66% and 63%, respectively). The patients in seizure-free and seizure recurrent groups had similar epilepsy durations (WMD 0.55, 95% CI -0.32 to 1.41, p = 0.22), and significant study heterogeneity was also observed (I 2 = 50%).
Factors predicting seizure outcome

discussion
In the present study, we performed a systematic review and meta-analysis identifying the rate and predictors of postoperative seizure freedom in 1528 patients (across 56 studies) who underwent hemispheric surgery for medically refractory epilepsy. We found the pooled rate of seizure freedom to be 73% with a 95% CI of 71% to 75%, and the factors associated with favorable seizure outcomes included an epilepsy etiology of nondevelopmental diseases, absence of generalized seizures, lateralized findings on interictal or ictal EEG, and the absence of contralateral MRI abnormalities.
Hemispheric surgical techniques, including AH, FH, hemispherotomy, and their associated modifications, have proven to be effective in refractory epilepsy control. However, according to previous studies and our own analysis, approximately 30% of patients still suffer from persistent seizures after surgery. 12, 20, 30 A better understanding of seizure outcome predictors is crucial for neurosurgeons to identify surgical candidates and counsel patients and their families on the possibility of seizure recurrence after surgery. Previous studies have assessed epilepsy etiology as a prognostic indicator of seizure outcome, and conflicting conclusions have been reported. 40, 51, 63 The results of the present study are consistent with the opinion of Kossoff et al., 40 who reported that developmental disorders negatively influence seizure outcomes. There is a large spectrum of malformations in cortical development; cortical dysplasia was the most common developmental etiology in our analysis. Although the majority of cortical dysplasia is located on 1 hemisphere, bilateral cortical dysplasia was occasionally observed in some patients. 27, 28, 41, 66, 82 Moreover, not all cortical dysplasia could be identified by routine MRI during the preoperative evaluation. A study by Lerner et al. showed that, on average, 37% and 15% of lesions from focal cortical dysplasia (FCD) Type I and II, respectively, were MRI negative. 43 The contralateral lesions from MRI-undetectable cortical dysplasia could be independently epileptogenic, and we postulate that they might account for the observed seizure recurrences after hemispheric surgery. Based on the above-mentioned evidence, comprehensive preoperative evaluation, including neuroimaging or neuroelectrophysiological examinations, should be performed on patients with suspected devel- opmental disorders. Great efforts have been made to improve the detection of cortical dysplasia in patients with epilepsy. 9, 11, 58, 78 These novel techniques might be helpful for identifying bilateral cortical dysplasia in candidates for hemispheric surgery.
There are only 2 reports addressing the correlation between seizure semiology and seizure outcomes after hemispheric surgery, and no significant correlation was found because of the relatively small patient populations. 45, 51 In the present article, data extracted from 14 studies involving 391 patients indicate that patients with preoperative generalized or secondary generalized seizures were more likely to suffer from recurrent seizures than those without a history of generalized seizures. Similar to our findings, previous studies investigating epilepsy surgery for FCD, 57 temporal lobe epilepsy, 33 extratemporal lobe epilepsy, 25 and tuberous sclerosis complex 26 have suggested that generalized seizures appear to be a predictive factor for poor seizure control. We speculate that generalized seizures may be a manifestation of diffuse epileptogenic lesion(s), which may affect the contralateral hemisphere. Previous neuroelectrophysiological and neuroimaging studies suggest that generalized seizures are associated with multifocal irritative areas and more extended hypometabolism on fluorodeoxyglucose positron emission tomography (PET). 3, 59 Although scalp EEG is a routine preoperative examination for epilepsy surgery, there were conflicting opinions on the value of EEG in the evaluation of hemispheric surgery candidates. Some studies have suggested interictal or ictal bilateral EEG abnormalities did not predict poor outcomes following hemispherectomies. 29, 30 Moreover, Ciliberto et al. performed hemispherotomy on 7 patients with bilateral seizure onset, and they found that all patients improved in seizure control and overall quality of life. 10 However, when taking seizure freedom into account, only 3 of the 7 patients were seizure-free after surgery, indicating that the seizure-free rate (43%) in their series was much lower than the pooled rate (73%) in our analysis. Carmant et al. suggested that preoperative EEG examinations were helpful in assessing the risk of seizure recurrence in patients undergoing an evaluation for hemispherectomy. 7 Similar results were observed in our study; patients with lateralized interictal or ictal EEGs were more likely to be seizure-free after surgery as compared with those patients with bilateral abnormalities in EEGs.
Boshuisen et al. first reported that contralateral MRI abnormalities negatively affected postoperative seizure outcomes in patients who underwent hemispherectomy. 4 Although other studies disagreed with their report, the majority of studies showed considerable, but not statistically significant, trends that the presence of contralateral MRI abnormalities were associated with seizure recurrence. 51, 54, 75 In the present study, we pooled the above-mentioned studies together and found statistical significance without substantial heterogeneity.
At least 3 limitations should be noted in the present meta-analysis. First, although the etiology of epilepsy, EEG, and MRI findings were identified as seizure outcome predictors in our study, we were not able to analyze the correlations among the 3 predictors in a meta-analysis. A study by Döring et al. demonstrated that bilateral EEG abnormalities were more common in hemispherectomy candidates with developmental etiology than in candidates with nondevelopmental etiology, both interictally and ictally. 14 These studies raised the question of whether EEG or MRI findings could independently affect the postoperative seizure outcome. Moosa and colleagues identified lateralized ictal EEG onset as a positive predictor of seizure freedom in their univariate analysis, but the multivariate analysis confirmed that it was not an independent predictor. 51 Second, studies published in the non-English literature were not included in this analysis, which may lead to selection bias. Third, moderate-to-substantial heterogeneity was observed in some analyses, which was probably explained by the varieties of participants, preoperative evaluation, and surgical techniques in different epilepsy centers.
An important point we want to emphasize here is that although developmental disorders, generalized seizures, nonlateralization on EEG, and contralateral MRI abnormalities were identified as relative risk factors of seizure recurrence, each single factor should not be exclusively considered as an absolute contraindication to hemispheric surgery. The decision to perform hemispheric surgery must be made on the basis of the clinical evidence in its entirety, including epilepsy etiology, seizure semiology and severity of the epilepsy, EEG, MRI, cognitive conditions, and risk of neurological deficits after surgery.
conclusions
In conclusion, hemispheric surgery for medically intractable epilepsy leads to favorable seizure outcomes, with a seizure-free rate of 73%. Developmental disorders, generalized seizures, nonlateralization on EEG, and contralateral MRI abnormalities are relative risk factors of seizure recurrence after hemispheric surgery. However, given the limitations of the present study, more studies should be performed to examine our conclusions. In addition to the above-mentioned risk factors, other factors including the severity of the epilepsy, cognitive conditions, and the risk of new neurological deficits should be considered when making surgical decisions. 
